Studies have been carried out on the solubility of Pu(III) oxalate by precipitation of Pu(llI) oxalate from varying concentrations of HNO3/HC1 (0.5-2.0M) solutions and also by equilibrating freshly prepared Pu0II ) oxalate with solutions containing varying concentrations of HNO3/HCI , oxalic acid and ascorbic acid. Pu(III) solutions in HNO 3 and HCI media were prepared by reduction of Pu(IV) with ascorbic acid. 0.01--O.10M ascorbic acid concentration in theaqueous solution was maintained as holding reductant. The solubility of Pu(III) oxalate was found to be a minimum in 0.5M-1M HNO3/HCI solutions containing 0.05M ascorbic acid and 0,2M excess oxalic acid in the supematant.
In the processing of plutonium, PuO 2 is the most desired and stable chemical form for storing plutonium and as an intermediate for other applications. PuO 2 is commonly prepared by precipitation of plutonium as Pu(IV) oxalate 1,2 and subsequent conversion to the oxide by thermal decomposition. In the Pu(IV) oxalate precipitation process, to achieve better quality of the precipitate, the oxalate precipitation is carried out from 3--4M nitric acid solution at a temperature of 50--60 ~ The solubility of Pu(1V) oxalate is significant at these acidities and results in the loss of plutonium, which necessitates the recovery of plutonium from 'the fillrate. While carrying out Pu(IV) oxalate precipitation at 60 ~ it creates further problems of corrosion of the glove box and other equipment when the plutonium solution is in hydrochloric acid. Limited data 3,4 are available in the literature on the solubility of Pu(III) oxalate. These indicate that precipitation of Pu(III) oxalate can be carried out at room temperature with minimum losses in the fdtrate and a good quality of precipitate can be obtained which is easy to filter. Therefore, it was thought worthwhile to study the solubility of Pu(III) oxalate in HC1 oxalate in HCI and HNO 3 media which would help in optimizing the conditions for the precipitation of large scale Pu(llI) oxalate from nitric and hydrochloric acid solutions.
Experimental
Preparation of plutonium stock solution: Plutonium stock solutions were prepared in -4M HNO 3 and HCI using freshly purified plutonium by anion exchange procedure. 5 The radiochemical purity of plutonium was checked by ct-speclrometry. These stock solutions were diluted with appropriate concenlrations of HNO3/HCI to get solutions of s. P. HASILKAR et al.: STUDIES ON THE SOLUBILITY required acid and plutonium concentrations. All other reagents used were of AR/GR grade.
Precipitation of Pu(lll) oxalate from HNO3/HCI solutions: About 240 mg of plutonium at the desired acid concentration was taken in 40 ml equilibration tube. Pu(III) in nitric acid was prepared by adding a calculated amount of ascorbic acid to reduce Pu(IV) to Pu(III) and to maintain 0.05M excess of ascorbic acid in the supernatant. Plutonium in HCI medium was predominantly Pu(III). Therefore, ascorbic acid concentration of 0.05M was maintained in the supernatant. Calculated excess over the stoichiometric amount of oxalic acid was added to precipitate plutonium as Pu(III) oxalate {Pu:(C204) 3 9 101-I20} and make the supernatant 0.02 to 0.2M in oxalic acid. The precipitate was allowed to settle for half an hour and then centrifuged. The supernatant was removed and analyzed for plutonium content. The precipitations were carried out in duplicate at room temperature.
Equilibration of Pu2(C204) 3 9 101120 powder with solutions containing varying concentrations of HNO 3, HCI, oxalic acid and ascorbic acid: About 450 mg of Pu(III)
oxalate powder was equilibrated with 10 ml solution containing desired concentrations of HNOg~-ICI, oxalic acid and ascorbic acid for one hour in 40 ml equilibration tube using a mechanical shaker. The precipitate was allowed to settle for half an hour and then centrifuged. The supernatant was removed and analyzed for plutonium content.
Determination of plutonium: Plutonium in the supematant was determined by a-liquid scintillation counting 6 using a dioxan based scintillator.
Results and discussioon
Though several reducing agents have been used I for the reduction of Pu(IV) to Pu(M), in the present work only ascorbic acid was used as it will not add any foreign metal ions to plutonium oxalate.
By observing Pu(IV) and Pu(l/I) absorbance peaks before and after the addition of ascorbic acid to plutonium solutions in nitric acid, it was confirmed that Pu(IV) is reduced to Pu(M) almost instantaneously. The stability of Pu(III) in nitric acid solution in the absence and presence of varying concentrations of ascorbic acid solution was studied by monitoring the Pu(III) absorbance peaks at 565 and 603 nm in time. The study indicated that in the absence of ascorbic acid Pu(III) in nitric acid solution is susceptible to oxidation at considerable rate, whereas in the presence of 0.05M excess ascorbic acid Pu(III) is quite stable and no noticeable oxidation of Pu(III) is observed even after 12 hours. Therefore, a 0.05M excess of ascorbic acid was used for stabilizing Pu(III) in nitric acid. In the case of studies in HC1 media since plutonium was
